Introduction
), as well as Ca 2+ and Mg 2+ from 13 partial drainage basins of the River Drwęca. Water levels were registered automatically every day by recorders, and measurements of the flow were conducted once a month. Major differences were found in the water abundance as indicated by specific discharges in individual, partial drainage basins: from 1.87 dm 3 s -1 km -2 (Lubianka -a lower part of the River Drwęca drainage basin) to 8.22 dm 3 s -1 km -2
(Gizela -an upper part of the River Drwęca drainage basin). The studied rivers were characterised by very diverse average content of total phosphorus compounds: from 0.047 mg dm -3 (Iłga) to 0.816 mg dm -3 (Sandela); calcium: from 47.18 mg dm -3 (Iłga) to 131.65 mg dm -3 (Trynka); and magnesium: from 9.71 mg dm -3 (Wel) to 36.76 mg dm -3 (Struga Rychnowska). Analysis of variance carried out on hydrochemical properties of the studied rivers divides the rivers into two separate groups: rivers with much higher content of phosphorus, calcium and magnesium compounds (Struga Rychnowska, Trynka, Ruziec, Lubianka, Kujawka, Sandela and Gizela), and a group of rivers with low content of these compounds (Brynica, Brodniczanka, Skarlanka, Wel, Iłga).
Key words: River Drwęca drainage basin, runoff rate, phosphorus, calcium, magnesium as animal husbandry (Koc and Szymczyk 2003) . Nonpoint source pollution is brought into the rivers via surface runoff, which is thought to be the most important factor in the catchment phosphorus translocation Sharpley et al. 1999) . The amount of phosphorus reaching the watercourses is determined by many factors, but hydrological conditions of a given drainage basin are undoubtedly the most important one. The analysis of the course and the rate of fluvial transportation of dissolved compounds (in particular abiotic/mineral) are good determinants of catchment processes. Based on the chemical composition of water, we can identify the mechanisms of the movement of matter from the drainage area, determine its sources, feeding areas and migration routes of dissolved elements (Soulsby et al. 2000) . Soil phosphorus is characterised by negligible mobility; therefore the main role in the transport of phosphorus is played by processes occurring on the soil surface. This water erosion is the key process responsible for phosphorus runoff from the catchment (Walling 2005; Laborious 2006) . Phosphorus can be washed out from agricultural catchments, both in a dissolved or elemental form (Grant et al. 1996; Haygarth and Jarvis 1999; Heathwaite and Dils 2000) ; however, phosphorus adsorbed on soil particles definitely dominates. And thus, the phosphorus runoff from agricultural lands is a function of the availability of phosphorus in the form that can be eluted and of the mechanisms of transportation into the surface waters (McDowell et al. 2001 (McDowell et al. , 2004 .
The literature reports on hydrological conditions of phosphorus transport in rivers are both comprehensive (Behrendt and Opitz 1999; Bogdanowicz 2004 ) and ambiguous. We know for sure that the variability in the concentrations of phosphorus transported in various forms with river waters is characterised by a relationship between the level (expressed both in the concentration and the load) of this chemical element and the river flow rate. This relationship, however, has a different course in different study objects, and the relations can be both increasing and decreasing, i.e. the concentrations increase or decrease together with the flow rate increase. A complete lack of any statistically significant correlation has also been observed. Many studies point to strong seasonality in the runoff of phosphorus compounds from agricultural lands. The largest amounts of this biogenic element are washed out during thaw seasons and during heavy precipitation (Heathwaite and Dils 2000; Mainstone and Parr 2002) .
The River Drwęca drainage basin, despite its undeniable natural value, surprisingly seldom constitutes an object of any hydrological or hydrochemical research in general, or comprehensive, dedicated research in particular (Kowalkowski 2009; Glińska-Lewczuk and Burandt 2011; Harnisz et al. 2011) .
The research aimed to analyse the temporal and spatial hydrological characteristics in the drainage basin of the River Drwęca, as well as analysing the seasonal variability in the concentrations of biogenic elements (P-PO 4 3-, total phosphorus) and biologically inactive compounds (calcium and magnesium) in the conditions of highly diverse runoff rates in different drainage basins.
Study area and Methods
The River Drwęca, a right-bank tributary of the River Vistula, is a watercourse of the 2nd order, with a length of 213.73 km. The River Drwęca drainage basin is 5697.4 km 2 in area, and is characterised by very heterogeneous hypsometric conditions − the lowest point is located at the confluence of the River Drwęca with the River Vistula ca. 36 m asl, the highest at Góra Dylewska (Mt.) 312 m asl. Moraine uplands are the most extensive land relief forms. They are diversified with hummocks and moraine hills, locally with embankments of eskers, kames and deep subglacial troughs. The largest outwash areas are in the Brodnica and Iława Lakelands. Over the area of moraine uplands, diverse loamy deposits occur, on the basis of which very fertile brown or lessive soils developed. In the outwash areas, arenosol and podzol soils occur; they are not fertile and usually overgrown with forests. Tributaries of the River Drwęca are quite symmetrically distributed on both sides of the river ( Electrolytic conductivity and pH were measured in the field. In the laboratory, the content of phosphate phosphorus (P-PO 4 3-) and total phosphorus (TP) were determined within less than 24 hours applying the spectrometric method with a molybdate-sulphuric reagent and ascorbic acid as a reducing agent, after prior mineralisation with perchloric and sulphuric acid. The content of calcium (Ca 2+ ) and magnesium (Mg 2+ ) ions were determined by the method of complexometrictitration with EDTA.
In the studied drainage basins, automatic waterlevel gauges were installed, which registered the water level every 4 hours. The water level recorder is intended for automatic measurements of the water column height in a river bed. Devices were made in-house and their operation principle is based on the phenomenon of capacitor's capacitance. The research on the river flow was conducted with the use of a hydrometric current meter HEGA-2. Knowing the water level in a river and the flow rate attributed to a given water level, one can determine the relationship Q = f(H). On this basis, flow rate curves were plotted, which were used for conversion of water levels into corresponding runoff rates. Flow curves were plotted from data obtained from November 2007 to October 2010 (field tests were performed every two months). Spatial vari-ability in the runoff was described by means of the specific discharge, q (dm 3 s -1 km -2 ), as it is reflected in values independent of the drainage area size. It enables the comparison of different areas in relation to the water abundance of the studied drainage basin.
In order to investigate the differences in the runoff of phosphorus, calcium and magnesium, depending on the land use of catchments, analysis of variation was performed (one-way ANOVA, the grouping factor was forest cover catchment). 
Results and Discussion

Phosphorus
In the winter season, the percentage content of elemental phosphorus in the total phosphorus ranged from 40 to 60% (catchment areas dominated by forests), and from 60 to 87% (catchment areas dominated by agricultural areas), whereas in the summer season, this content was 60-71% (forest catchment areas) and 38.5-86% (agricultural catchment areas) respectively.
In respect of the content of phosphorus compounds (both total and phosphate phosphorus), the studied rivers quite clearly can be divided into two groups (Fig. 2) . The first group comprises rivers with a predominance of agricultural areas in their drainage basin (the Struga Rychnowska, Trynka, Ruziec, Lubianka, Kujawka, Sandela and Gizela). The average concentration of total phosphorus for individual rivers in this group ranged from 0.16 to 0.82 mg dm . There were also disproportions in the content of P-PO 4 3-, although they were not as pronounced.
No statistically significant correlation was found between the flow rate and the concentration of total and phosphate phosphorus. This implies that the phosphorus runoff from the studied catchment areas is not determined by hydrological factors expressed by the value of the runoff rate. During the studied period, the rate ranged from ca. 2 dm 3 s -1 km -2 in the drainage basin of the Lubianka to ca. 8 dm 3 s -1 km -2 in the drainage basin of the River Gizela (Table 1) . Spatial distribution of precipitation within the catchment area of the River Drwęca clearly increases towards NE, which is reflected in the runoff rates. The area with the lowest precipitation extends towards the lower part of the River Drwęca drainage basin (precipitation at Toruń was 497 mm during the study period), whereas the upper part of the drainage basin is characterised by noticeably higher precipitation (Olsztyn 613 mm). The contribution of summer precipitation in relation to annual precipitation was 76% in Toruń and 65% in Olsztyn (Table 2 ).
In the studied rivers, the largest runoff occurred in March as a result of spring freshets, but due to summer heavy rainfall, no significant reduction in the runoff was observed in the drainage basins in the summer half year. In the winter half year, 46.9% of the waters ran off, whereas in the summer half year, 53.1%. Our results on the seasonal dynamics in the concentrations and loads of phosphorus compounds are not explicit. When comparing the average concentrations for particular rivers during and after the growing season (Table 3) , it is difficult to detect any explicit patterns and differences between agricultural and forest catchment areas. The numbering of the catchments as shown in Figure 1 W -Winter, S -Summer, EC -Electrolytic conductivity, TP -Total phosphorus. The numbering of the river catchments as shown in Figure 1 Calcium and magnesium . These results confirm the reports of other authors about more intensive eluviation of calcium ions from agricultural areas compared with forest areas (Koc and Duda 2009 ). In the case of the magnesium ion, the situation is similar: average concentrations in rivers with an agricultural catchment area ranged from 19.79 to 36.77 mg dm -3 , and in rivers with a forest catchment area they ranged from 9.71 to 25.47 mg dm -3
. In the context of other studies conducted in surface waters of young post-glacial areas (Koc et al. 2008) , such a concentration of Mg 2+ ion is relatively high and comparable with concentrations recorded in leachates (Pulikowski et al. 2006) .
No significant, seasonal differences in the concentrations of calcium and magnesium were confirmed with statistical methods. No significant correlation was found either between the flow rate and the concentration of calcium and magnesium. The content of Ca 2+ and Mg 2+ is strongly correlated with electrolytic conductivity (r = 0.92 and r = 52; p < 0.05, respectively). The average value of electrolytic conductivity in the agricultural catchment areas ranged from 507 to 750 µS cm -1 , and in the forest catchment areas from 273 to 416 µS cm -1 . High content of calcium and magnesium, as well as high electrolytic conductivity in rivers with drainage basins devoid of forests are evidence of intensive denudation processes.
The ANOVA showed important differences in almost every physical and chemical parameter of river waters according to catchment management (Tables 4  and 5 ). To examine the differences between the average in groups, post-hoc tests were used. It was proved that land development, in this case afforestation, of more than 20%, led to a reduction in TP, Ca and Mg content. The afforestation of less than 10% of the catchment area significantly increases P-PO 4 3-and less than 20% increases EC, Ca 2+ and Mg
2+
.
Conclusions
The studied drainage basins considerably differ in terms of water abundance as indicated by runoff rates.
The analysis of variance performed on hydrochemical characteristics of the studied rivers divides the rivers into two separate groups: rivers with a much higher content of phosphorus, calcium and magnesium compounds -Struga Rychnowska, Trynka, Ruziec, Lubianka, Kujawka, Sandela and Gizela (predominance of agricultural areas in the land use structure of the drainage basin); and the group of rivers with low content of these compounds -Brynica, Brodniczanka, Skarlanka, Wel, Iłga (predominance of forests in the drainage basin and flow-through lakes along the river course).
During the studied period, no apparent seasonality in the water runoff from the studied drainage basins or distinct seasonal fluctuations in the concentrations of the studied compounds were observed. 
